Cardiac arrest, though rare, is the most feared complication in the pregnant woman as it involves two lives. Most arrests occur because of conditions that result from the pregnancy itself or from preexisting medical conditions exacerbated by the pregnancy. Prompt resuscitative efforts are crucial for favorable outcomes for the mother and fetus. The basic principles of resuscitation during pregnancy such as airway, breathing, and circulation are similar to the resuscitation in a cardiopulmonary arrest in any patient; however, certain modifications are necessary to account for the physiologic changes that occur during the pregnancy. Cardiopulmonary resuscitation (CPR) of the parturient should include uterine tilt or displacement to relieve the compression of the inferior vena cava and aorta by the gravid uterus, intubation using rapid sequence intubation with cricoid pressure, and timely perimortem cesarean section (PMCS). Ideally, the PMCS must be performed within 5 minutes of cardiac arrest if the pregnant woman does not have a return of spontaneous circulation, and resuscitation is deemed unsuccessful. The PMCS is performed if the gestational age is at least 20 weeks or the gravid uterus is evident. A high-quality CPR and multispecialty team approach, consisting of obstetricians, cardiologists, anesthesiologists, neonatologists, and nursing staff, is essential for survival.
Introduction
Cardiac arrest, though rare, is the most feared complication in the peripartum period. The incidence of cardiac arrest during pregnancy is 2.78 per 100,000 maternities, and mortality is about 42%. 1 Resuscitation of the cardiac arrest in parturient aims at both the maternal and the fetal well-being. Survival rates are lower in the pregnant cardiac victim though younger than the patient with traditional cardiac arrest. The number of women with high risk attaining pregnancy is increasing, and so is the risk of possibility of cardiac arrests during pregnancy. 2 There is an increasing need for improving the knowledge deficits, and resuscitation skills are among physicians for cardiac arrest during pregnancy. 3 
Causes of Cardiac Arrest in Pregnancy
The causes of cardiac arrest in a parturient are numerous (►Table 1). Most deaths result from acute conditions that are directly related or consequent to pregnancy. The cardiac arrests also occur due to indirect causes resulting from worsening of preexisting comorbid conditions that could be further exacerbated by changes resulting from pregnancy. The majority of the serious cardiac complications of pregnancy occur in women not Ind J Car Dis Wom 2019;4: [32] [33] [34] [35] [36] [37] [38] [39] recognized as having heart disease before pregnancy. About 25% of cardiac arrests in pregnancy are related to anesthesia, which is potentially preventable. 1, 4 It is imperative for physicians to be able to diagnose and manage pregnancy-associated diseases and reversible causes of cardiac arrest in pregnancy.
Cardiac Disease
With an incidence on the rise, cardiac disease presently accounts for about 2.27 deaths for every 100,000 pregnant patients. Rheumatic heart disease continues to be the most common cardiac disease during pregnancy in India. 5 There is an aggravation of underlying symptoms in patients with the rheumatic mitral disease during pregnancy. About 50% of patients with mitral stenosis and 23% of mitral regurgitation decompensate during pregnancy and develop heart failure. 6 In the United States, myocardial infarction and aortic dissection are the leading cardiac causes of maternal death. As compared with women of similar age, pregnant women have around three to four times higher risk of myocardial infarction. 7 There are no known risk factors in most patients. The common causative factor is coronary artery dissection. The mechanisms are similar to aortic dissection. 8 More women are now deferring pregnancy to a higher age that increases the chance of atherosclerosis-induced cardiac disease in parturients. 9, 10 Nearly 20% of women have intracoronary thrombus or arteriosclerosis on angiography. 8 With fibrinolytics being relatively contraindicated, percutaneous coronary intervention (PCI) remains the management strategy of choice for reperfusion in ST-elevation myocardial infarction in pregnancy. Advances in the medical field have now made it possible to witness many patients with congenital cardiac disease surviving into adulthood. It is, therefore, possible that they suffer a higher risk of cardiac events during pregnancy. 11 Pulmonary hypertension, 12 either primary or as a complication related to congenital heart disease, 13 ranks third in the causes of maternal cardiac deaths. ►Table 2 shows the high-risk conditions leading to cardiac morbidity and resultant maternal cardiac arrest. 14
Noncardiac Diseases
• Eclampsia: Pregnancy-induced hypertension develops after 20 weeks, and eclampsia and multiorgan failure in severe cases complicate pregnancy. Maternal and fetal morbidity and mortality may result. 15, 16 • Pulmonary embolism (PE): Pregnancy is a hypercoagulable state, and it also aggravates the preexisting hypercoagulable conditions. PE is a significant complication in pregnancy. A high index of suspicion is required for diagnosis. Management of PE is according to the advanced cardiac life support (ACLS) guidelines. 17 Massive PE is usually fatal though there have been few reports of successful use of fibrinolytics for massive, life-threatening PE. 18 • Amniotic fluid embolism (AFE): The most feared and deadly cause of arrest in parturient is AFE. There are reports of high morbidity and mortality rates with the condition. 19, 20 The presentation of AFE is varied. Hypotension, bronchospasm, coagulopathy, fetal distress, and even cardiac arrest can occur. There are reports of the use of cardiopulmonary bypass for successful management massive embolism in the peripartum period. 21 Perimortem cesarean section (PMCS) can improve the chances of maternal and neonatal survival. • Hemorrhagic shock: Hemorrhagic shock is an often encountered cause of cardiac arrest in the parturient. The placental pathologies such as abruptio placentae, placenta previa, or abnormalities of placental implantation pose a high risk for significant hemorrhage during labor. The other common causes of massive bleeding are surgical complications and persistent atonic uterus. Massive hemorrhage could culminate in cardiac arrest. 22 • Iatrogenic: There are several preventable iatrogenic causes of cardiac arrest. They may be as simple as lack of proper instructions to avoid supine position. Patients may not have been instructed to return to their side after performing cervical examination or placement of monitoring devices in lithotomy or supine position. The venous return can decrease due to compression of the great vessels by gravid uterus, resulting in hypotension and possibly cardiac arrest, especially in the presence of epidural anesthesia.
Complications of therapy: Administration of tocolytic drugs, oxytocic drugs such as oxytocin, ergots, and medications such as magnesium is common in parturients. The adverse effects of these drugs can sometimes be fatal. Tocolytic drugs can cause cardiac rhythm disturbances, myocardial ischemia, and heart failure. 23 There are reports of myocardial ischemia and consequent cardiac arrest with ergot derivatives in the parturient. The number of parturients with advanced age is increasing, and so would the coexisting medical problems. The presence of comorbidities may complicate treatment of premature labor with tocolysis or management of preeclampsia.
The iatrogenic overdose of magnesium can occur in patients receiving magnesium sulfate for treatment of eclampsia. Toxicity can develop even after low doses of magnesium if the woman becomes oliguric. Magnesium toxicity can result in cardiac effects. Electrocardiogram (ECG) interval changes such as prolonged conduction times resulting in PR, QRS, and QT interval prolongation occur at levels of magnesium between 2.5 and 5 mmol/L. Further, an increase in magnesium levels to 6 to 10 mmol/L can cause atrioventricular (AV) nodal block, hemodynamic abnormalities, and cardiac arrest. Calcium administration can be helpful in reversing the effects of magnesium.
Complications of anesthesia: They are the important and preventable causes of cardiac arrest in labor and delivery. 24 Local anesthetic toxicity can occur from drug overdosage. This complication is seen more often during prolonged labor when patients receive multiple top-up doses of local anesthetics. Occasionally, there can be complications even with regular dosing and testing. Intravascular migration of epidural catheters can lead to systemic toxicity, or migration into the subarachnoid space can cause total spinal anesthesia. Severe hypotension could result in hypovolemic patients receiving either regional or general anesthesia. • Cardiac arrest from other etiology: Cardiac arrest can occur during pregnancy due to causes that are also seen in nonpregnant individuals such as trauma and anaphylaxis.
Why Is Resuscitation in Parturient Different?
Physiologic changes of pregnancy that influence cardiac arrest and resuscitation in a parturient: Compensatory physiologic changes occur in pregnancy to accommodate the needs for the growing fetus and uterus. These changes not only influence recommendations and guidelines for management of the pregnant cardiac arrest patient but also make the diagnosis and treatment difficult during emergencies. Management of such cases requires a complete understanding of these physiologic changes that occur in pregnancy. ►Fig. 1 summarizes the implications of these physiologic changes. Aortocaval compression in the supine position can decrease cardiac output by 30 to 40%, resulting in supine hypotension syndrome. Supine position is often not tolerated after 30 weeks' gestation. It is therefore advised to maintain a position that produces the displacement of the uterus to the left, especially during the third trimester to relieve the aortocaval compression (►Fig. 2).
The cardiac output increases by 1 to 1.5 L/min after the 10th week of gestation. Maternal heart rate increases by 15 to 20 beats above nonpregnant values throughout pregnancy. Maternal blood pressure is lower than nonpregnant values by 10 to 15 mm Hg. Therefore, severe bleeding can occur without the usually seen physical signs of hypovolemia such as hypotension and tachycardia. Physiologic anemia with low hematocrit occurs at about 34 weeks' gestation due to an increase in plasma volume by 40 to 50% accompanied by a lesser increase in the volume of red blood cells. A lower hematocrit in the cases of hypovolemia and acute hemorrhage may be misinterpreted as physiologic anemia. Moreover, during hypovolemia, the blood flow tends to be shunted from the placenta and uterine circulation. Therefore, even though the parturient appears stable, the fetal blood flow is severely reduced and there can be a fetal compromise. Hence, it should be assessed without delay. It is essential to understand that there can be a blood loss of up to 35% of the blood volume in the absence of any overt signs of hemodynamic instability in a pregnant patient. Volume replacement should be commenced early and the intravenous fluid site should be secured above the level of the diaphragm for resuscitation.
There is an increase in oxygen consumption, tidal volume, and minute ventilation in the pregnant state. These changes cause a faster desaturation rate during periods of apnea in such patients. A decrease in functional residual capacity (FRC) is seen consequent to the expanding gravid uterus, elevation of the diaphragm, and reduction in thoracic volume. These changes result in more rapid development of hypoxemia necessitating the early establishment of oxygenation and ventilation. The consequences of hormonal changes of pregnancy such as upper airway edema, increased size of the breast, and weight gain can result in difficult as well as a delayed establishment of ventilation and intubation. Further, delayed gastric emptying caused by increased levels of progesterone increases the risk of aspiration during mask ventilation and intubation. The NPO (nil per oral) status is not always ensured as many patients are encountered after the consumption of a large meal. Hence, it is essential to maintain cricoid pressure during intubation. Starling forces narrow oncotic pressure-wedge pressure gradient increasing the risk of pulmonary edema. The O 2 dissociation curve is shifted to the right; hence, a higher O 2 partial pressure is required for adequate maternal oxygenation. Thus, pregnancy complicates airway management during resuscitation due to a potential full stomach, the risk of regurgitation, difficult ventilation, and intubation compounded by reduced safe apnea time and rapid desaturation.
The changes in pharmacokinetics may occur due to changes in plasma volume and increase in the glomerular filtration rate (GFR). However, there is no evidence that modification of the doses of medications used during resuscitation is required. 25 Defibrillation is an essential component of cardiac resuscitation. The amniotic fluid transmits current. There could be a potential for fetal burns or adverse outcome if the current travels through the uterus. However, there are no studies on the fetal risk during maternal defibrillation. The risk of inducing fetal complications such as inducing fetal arrhythmias is small, 26 and defibrillation is proven to be safe at all stages of pregnancy. There is a risk of electric arcing to monitors of the fetus, though low. Hence, it is advisable to remove internal or external fetal monitors before defibrillation in a pregnant woman.
Management of Critically Ill Pregnant Patient
The risk of cardiac arrest in a critically ill pregnant patient is very high. 27, 28 The hypotension is compounded by uterine obstruction of venous return that may even precipitate an arrest. The parturient patient should be placed in the full left-lateral position to relieve possible compression of the inferior vena cava. Oxygen should be administered early in the course as deterioration can be rapid. Maternal hypotension should be assessed and expeditiously treated as it not only affects the mother but also reduces placental perfusion. It is crucial to identify and address reversible causes of critical illness that contribute to deterioration as early as possible.
Management of Cardiac Arrest
The basics of basic life support (BLS) and ACLS protocol are the same as for nonpregnant victims of cardiac arrest, with a few necessary modifications. The physiologic and physical changes that accompany pregnancy mandate certain modifications during resuscitation of cardiac arrest in the parturient. The essential modifications are relieving aortocaval compression by the gravid uterus, performing rapid sequence intubation, and proceeding to timely perimortem cesarean delivery when indicated. A high-quality CPR is critical for survival. The algorithm for the management of cardiac arrest in pregnancy is shown in ►Fig. 3.
Recommended Modifications to Resuscitation Protocols Applied to Pregnant Patients
The compression rate, depth, hand placement, backboard, and minimal interruptions in compressions are the same as nonpregnant adults. The gravid uterus causes elevation of the diaphragm; hence, the chest compressions should be performed slightly higher on the sternum than typically recommended. In late pregnancy, the gravid uterus acts like a binder for the abdomen that results in increased in intrathoracic pressure, reduced venous return, and reduction in the forward flow of blood through the abdominal aorta rendering successful resuscitation difficult. The best cardiac output that can be generated by external cardiac massage is only 30% of a nonpregnant patient. Besides, 10% of cardiac output is shunted to the gravid uterus. The increased oxygen requirements during pregnancy make the parturient more vulnerable to hypoxia.
Adequate left uterine displacement must be maintained during chest compressions. Large doses of α-adrenergic may reduce uterine blood flow, but the use of these drugs is essential to restoring maternal circulation. If the efforts to resuscitate using chest compressions and medications are not successful, it is now recommended that cesarean section is performed within 4 to 5 minutes of the arrest. One must be vigilant about the time. Shorter intervals between the onset of maternal cardiac arrest and commencement of CPR, and shorter time taken to deliver the fetus once CPR commences, are associated with better maternal and fetal outcomes.
Management decisions depend on gestational age. For example, avoidance of aortocaval compression is essential after 15 weeks of gestation or when the fundal height is more than one handbreadth below the umbilicus. If brain death occurs before fetal maturation, continued somatic support of the mother can be done to extend the pregnancy until fetal maturation.
Methods of Displacing Uterus
The quality of CPR and resultant compression force and output are dependent on the position. The left-lateral tilt should be maximized to improve maternal hemodynamics during cardiac arrest. There are several practical issues regarding the left lateral tilt. It is not practical to apply a full lateral rotation during resuscitation. There is no improvement in maternal hemodynamic or fetal parameters with 10 to 20 degrees left-lateral tilt, and the patient may roll off the inclined plane if the slope exceeds 30 degrees. 29, 30 Moreover, the degree of tilt is difficult to estimate reliably. Hence, using a fixed, hard wedge with a predetermined angle is helpful. The Cardiff wedge provides both relief of aortocaval compression and a firm surface for performing cardiac compressions during resuscitation. When a wedge is not available, rolling up blankets to tilt the right hip or even a simple maneuver of tipping the patient on the bent knees of a kneeling rescuer ("human wedge") is useful. Although the left-lateral tilt position is vital to reduce aortocaval compression by gravid uterus, the chest compressions are less forceful than in the supine position. Manual left uterine displacement with the patient supine is comparable to left-lateral tilt in relieving aortocaval compression. 31 Therefore, one can commence resuscitation with manual left uterine displacement in the supine position, using a two-handed technique from the patient's left side or the one-handed technique from the patient's right side depending on the location of the resuscitation team. 32 If this is unsuccessful and an appropriate wedge is available, the patient should be placed in a left-lateral tilt of about 30 degrees using a firm wedge. If chest compressions remain inadequate even after lateral uterine displacement or left-lateral tilt, consider an immediate emergency cesarean section.
Arrhythmia-specific recommendations: Amiodarone 300 mg rapid infusion followed by 150 mg doses as needed is used to treat refractory Vfib, although fetal safety is questionable. 33 Epinephrine is recommended over vasopressin. Atropine is administered only for bradycardia. Calcium is helpful to reverse magnesium toxicity. There is no need to alter drug doses or withhold emergency medications out of concerns for fetal teratogenicity.
Perimortem Cesarean Section
Indications Emergency cesarean section in cardiac arrest resuscitation should be prepared in every cardiac arrest in a pregnant woman, with an evident gravid uterus large enough to cause maternal hemodynamic changes due to aortocaval compression regardless of fetal viability.
Timing of Perimortem C-Section: 4-Minute Rule
Perimortem C-section is lifesaving and should be performed at the site of arrest within 5 minutes. Maternal resuscitation efforts should be continued during the procedure. Early delivery decreases the risk of neurologic damage to the baby. If the fetus is viable, but the maternal prognosis is grave, and resuscitative efforts appear futile, it may be appropriate to perform an immediate emergency cesarean section without delay. Even if the emergency cesarean section cannot be performed by the 5-minute mark, it may be advisable to evacuate the uterus while the resuscitation continues (class IIb, LOE C). 34 The emergency cesarean section team should be activated at the onset of maternal cardiac arrest if the gravid uterus is visible (class I, LOE B). An emergency cesarean section may be considered 4 minutes after onset of maternal cardiac arrest if there is no return of spontaneous circulation (class IIb, LOE C). 34 
Expected Fetal and Maternal Outcomes of Perimortem Cesarean Section
There is increasing use of PMCS due to the training (0.36/year before training to 1.6/year after training, p = 0.01). Although the timing of PMCS is the most crucial factor for both maternal and fetal outcomes, it was possible to perform PMCS within the recommended 5 minutes of commencing resuscitation in very few cases. 35 The mean times to delivery in survivors 14.1 ± 11 minutes and 22 ± 13 minutes in nonsurvivors. 36 There are reports of maternal survival of the mother with a PMCS performed up to 15 minutes after the onset of cardiac arrest. A study has shown that of the 12 women who underwent PMCS, (67%) regained cardiac output, but only 2 mothers and 5 neonates survived. Maternal mortality rate was 83%. A meta-analysis of maternal outcome after PMCS shows that 54.3% (51/94) of mothers survived to hospital discharge, 78.4% (40/51) with a cerebral performance category (CPC) of 1/2. PMCS is shown to be beneficial to the mother in 31.7% of cases and was not harmful in any case. The maternal outcomes were better with in-hospital arrest (odds ratios [ORs] 5.17) and PMCD within 10 minutes of arrest (ORs 7.42). 37 Therefore, a low admission threshold for pregnant women with cardiorespiratory decompensation is recommended. They should be admitted to a high dependency or intensive care unit with facilities for the performance of resuscitation and delivery within 10 minutes of arrest. The neonatal case fatality rate was 58%. 37 The fetal outcomes depend on gestational age. At 24 to 25 weeks of gestation, delivery within 5 minutes of maternal arrest results in best fetal outcome, whereas at a gestational age of 30 weeks, every delivery that occurs after 5 minutes of maternal cardiac arrest is associated with good outcomes. There are reports of neonatal survival even when delivery occurred within 30 minutes after onset of maternal cardiac arrest. 38
Postcardiac Arrest Care
The recommendation for therapeutic hypothermia in comatose pregnant patients after cardiac arrest is based on occasional case reports 39 and current recommendations for the nonpregnant patients. Therapeutic hypothermia may be considered on an individual basis (class IIb, LOE C). 34 The fetus should be continuously monitored for potential complications such as bradycardia.
Extended Somatic Support after Brain Death during Pregnancy
Brain death declaration is rarely done in pregnant patients. It is generally considered unethical and futile to support vital organs once brain death is diagnosed. However, in pregnancy, the issues of brain death are more complex. 40 The issue of the appropriateness of continuing maternal somatic support to prolong gestation until delivery is debatable. The expected physiologic changes after brain death also pose challenges to successful organ system support and fetal well-being. Since 1979, there have been only 43 cases of maternal brain death, and most of them had normal fetal outcomes. 41
Challenges of Resuscitation of Pregnant Patients in Resource-Constrained Countries
Several pregnant patients have limited access to health care, and most deliveries continue to be performed by midwives with inadequate skills in resuscitation. It is important to identify high-risk patients for cardiac arrest and treat them in specialized centers. Physicians, paramedical staff, and midwives need to be trained in CPR and understand the modifications required for pregnant patients. Training of all the staff involved in the care of pregnant patients for basic and advanced obstetric life support is essential. There is still a big gap between the requirements and availability of advanced health care facilities and trained personnel to prevent and resuscitate cardiac arrests in pregnant patients. Maternal deaths continue to plague the resource-constrained countries such as India.
Conclusion
Although cardiopulmonary arrest rarely occurs in the pregnant woman, the knowledge of principles of resuscitation in a parturient in the health care team is vital to facilitate positive outcomes for both the mother and the fetus. The principles of the airway, breathing, and circulation used in cardiopulmonary arrest are similar to any other CPR; however, the team must be familiar with the modifications that must be made because of the physical and physiologic changes that occur during pregnancy. If resuscitation is not successful within 5 minutes of cardiac arrest, a cesarean delivery must be attempted if uterine size indicates gestational age of at least 20 weeks. A coordinated team consisting of obstetricians, anesthesiologists, neonatologists, and nursing staff must work in an organized fashion for efficient and successful resuscitation of the pregnant patient and good fetal outcomes.
